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2344606 

WEULBORE CASING 
Cix^ReferenttToRdatedAppIicatioxi£ 

This application claim* the benefit of the filing date of U.S. Provisional 
Patent Application Serial Number 60/111,283, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which ia incorp ora ted herein by reference. 
Background of the Invention 

This invention relates generally to weHbare casings, and in particular to 
wellbore casings that are formed using expandable faifrfng 

Conventionally, when a wellbore ia created, a number of casings are 
5 installed in the borehole to prevent coDapee of the borehole wafl and to prevent 
undesired outflow erf chilling fluid into the fonnation or inflow of fluid from the 
formation into the borehole. The borehole Is drilled in intervals whereby a casing 
which ia to be installed in a tower borehde interval is lowered through a 
ins t alled casing of an upper borehole interval As a consequence of this procedure 
10 the casing of the lower interval is of smaller diameter than the casing of the upper 
interval Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction, Cement anmih are provided between the outer 
surfaces of the casings and tte 

wall As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs dt» fa> heavy «imw g handling ^unftrmmt, largo 
drill bits and increased volumes of drilling fluid and drill cuttings Moreover, 
increased drilling rig time Is in vol v ed due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubnto 



fai the borehole, injecting fluidic material into the borehole, and radially expanding 
the l jTM»r in the borehole by extruding the liner off of the mandr el 

According to onnthpr aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
5 borehole adjacent to the already existing casing. A tubular liner and a mandrel are 
then placed into the new section of the borehote with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tabular liner and the new section of the borehole. 
The annular region between the tubular liner and the new section of the borehole 
10 is then Quidicly isolated from an interior region of the tubular liner below the 
mandrel A con hardenable fluidic material is thai injected into the interior 
region of the tubular liner below the mandreL The tubular liner is extruded off of 
the mandrel The overlap between the tubular liner and the already existing 
easing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic har denab le fluidic sealing material are cured. At least a portion of 
20 niird flufflr hardenable wiling material ™ithm the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 Guid passage. The tubular member is coupled to the mandreL Tike shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tabular member, a shoe, and at least one sealing member. 
The support member includes a first ftuM passage, a sec^ fluid passage, and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrel is coupled to the support member and includes a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
element s. The shoe is coupled to the tubular memb» ami mchides a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention a method 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, ia provided that inc 
10 of the second tubular member. A portion of an interior region of the second 
tabular member is pressurized and the second tulnilv 
the mandr el into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that in clu de s an annular member having one or more sealin g members 
15 at an end portion of the annular number, and one or more pressure reUefpassa^ 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that inc l udes a tubular liner and an annular body of a cured fiuidic 
sealing material. The tubular liner is formed by the process of extmding the 
20 tubular liner off of a mandreL 

According to another sspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is pnnidedtha^ 

annular body of cured fluidic wiling material The tubular liner is formed by the 
process of extruding the tubular Hner off of a mandreL The annular body of a 

25 cured fiuidic sealing material is coupled to the tubiil» 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a shoe. The support member includes a firatfluid 
passage. The mandrel is coupled to the support member. The mandrel includes 

30 a second fluid passage operahly coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drillable. 
Thetabuliffmemberiscm Theahiieiacmipl^tnt^^hni^ 
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member. The shoe i™-hirW a third fluid passage operably coupled to the second 
fluid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillable. 
Brief Description of the Drawings 
5 FIG. 1 is a fragmentary cross-eectional view illustrating the driliing of a new 

section of a well borehole. 

FIG. 2 1b a fragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 ism fragmentary croaMecticmal view i 

first quantity of a hardcnahle fluidic sealing material into the new section of the 

well borehole. 

FIG. 3a iB anoth eT fragmentary rmgy sectional view illustrating the injection 
of a first quantity of a hardenable fluidic sealing material into the new section of 
15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-sectional view illustrating the drilling out of 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the weD borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 
between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG . 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member vrithm mo 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing including a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 

FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 



FIG. 10a is a croes-eectional illustration of a wellbore ^111^^ a 0 f 

FIG* 10b is a crosB-eectional illustration of an apparatus and method for 
creating a tie-back liner using an ezpandible tabular mem ber. 
5 FIG. 10c is a croaa-aectional illustration of the ponging of a fhndic sealing 
material into the armnlar region between the tubular member and the existing 
casing 

FIG. lOd is a cross-sectional illustration of the pressurizing of the interior 
of the tubular member below t he mandr el 
10 FIG. lOe la a cross-sectional fflnstratkm of the extrusion of the tubular 
member off of the mandrel 

HG.lOfisacrosa^ectiairi 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back User 
15 created using an ezpandible tubular member. 

FIG. 11a is a fragmentary croea-aectional view ito 
new section of a well borehole. 

FIG. lib isafragmentarycrosa-igctional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular Ito 
20 of the well borehole. 

FIG. 11c is a fragmentary er oea eectkmal view Illustrating the injection of 
a first quantity ofahardenable fluids 
well borehole. 

FIG. lid is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section of the well borehole. 

FIG, lie is a fragmentary crown sectional vfeir illustrating the iqjectionof 
a second quantity of a hardenahle fluidic sealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view illustrating the com pletion 
30 of the tubular liner. 



Detailed Description of the IDuetrative Embodiments 
An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
w ellbo re easing to be formed in a subterranean formation by placing a tu b u lar 
5 TTjgynlw and a mandrel in a new section of 8 wellbore, and then extruding the 
tubular member off of the mandrel by pressurizing an interior portion of the 
tubular member. The apparatus and method farther permits adjacent tubular 
members in the wellbore to be joined usiiig an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method farther permits a new tubular 
10 member to be supported by an easting tubular member by expanding the new 
tabular member into engagement with the »»*«*"»ff tubular member* The 
apparatus and method farther Tptntmi*** the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 
15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member offof a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 
20 gas passage. The apparatus and method farther permits a new tubular member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the existing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 
25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removedusmgaconvimtio^ 
In this manner, in the event of a malfan<tiOT 
may be easQy removed. 

An apparatus and method for hanging an expandable tubular liner in a 
30 wellbore is alao provided. The apparatus and method permit a tubule 

attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 
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Referring initial^ to Figs. 1-5, an embodiment of an apparatus and method 
for forming a weHbore casing within a subterranean formation will now be 
described As illustrated m Fig. ^ 

formation 105. The weHbore 100 includes an existing cased section 110 having a 
5 tabular casing 115 and an annular oater layer of cement 180. 

In order to extend the weHbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known nwmpr to drill out material firm the 
subterranean formation 105 to form a new section 130. 
As mustrated in Fig. 2, an apparatus 
10 a sifoterranean formation 

100. Ifae apparatus 200 prefer^ 

tubular member 210, a shoe 215, a lower cup seal 220, an upper cop seal 225, a 
fluid passage 230, a fluid passage 235, a flnM passage 240, scab 245, and a siq)port 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 

member 250. The expandable mandrel 205 is preferably adapted to controUably 
eipand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the t eachi n g s of the present disclosure. In a preferred 

20 embodiment, the eixpaiida^ 

disclosed in US. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
disclosure. 

The tubular member 210 issupportedl7theexpaiulabtemandrel205. The 

25 toJwlar member 210 is cnq^^ 

e xpan d able mandrel 205. The tubular member 210 nuy be fabricated from any 
mimbar of conventional coramenaafly available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), 13 chromium steel tubing/casing, or 
plastic tub in g/ra ring, In a preferred embodiment, the tubular member 210 is 

30 fabricated from OCTQ in order to The inner 

and outer diameters of the tubular member 210 may range, for example, from 
*PProximate|y0.75to47inch« In a preferred 



embodiment, *ho frmgr and r%nt*r diameters of the tabular member 210 range from 
about 3 to 15 £ inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the moat commonly drilled wellbore sizes. 
The tabular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or siow down the mandrel 205 
w hen it completes the extrusion of tubular member 210. In a pr e fe rred 
embodiment, the length of the tabular member 210 is limited to minimize the 
possibility of buckling. For typical tabular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fhnd passage 240. The shoe 215 may 
comprise any number of conventional commercialry available shoes such as, for 

15 example, Super Seal II float shoe, Super Seal HDown^et float shoe or a guide shoe 
with a sealing sleeve for a latch down prog modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, m o di fi ed in 

20 accordance with the teachings of the present disclosure, in order to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner, the shoe 215 optimally injecte 

region outside the shoe 215 and tubular member 2 10. In a preferred enAodiment, 
the shoe 2 16 includes the fluid passage 240 having an inlet geometry that can 
30 receive a dart and/or a ball BeaHng member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing eleme nts 
into the fluid passage 280. 



The lower cup seal 220 is coupled to and supported by the support member 
260. The tower cup eeal 220 prevents foreign malarial* firm mt**rj^ g th^ interior 
region of the tabular member 210 adjacent **> the expandable wMnwfr yl gflg 7^ 
lower cop seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) cups modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the low 
from Halliburton Energy Services m Dallas, TXm 
material and contain a bocfr of lubricant. 
10 The upper am seal 225 is coupled to and ro 

260. The uppOT cup seal 225 prrvmte 

regkm of the tubular member 210. The upper cup seal 225 may comprise any 
number of conventional commercially available cup seals such as, ffar example, TP 
cups or SIP caps modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cap seal 226 comprises a SIP 
cup, avaSabte from Halliburton E 

block the entry of foreign materials and contam a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the t ub ular member210 below the expa ndable 
20 205. The fluid passage 230 is coupled to and positioned within the support 
member 250 and the expandable mandrel 206. Hie fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
man drel 205. The fluid passage 230 is pref^ of 
the apparatus 200. 

26 The fluid passage 230 is preferably selected, in the casing running mode of 

operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tubular member being run and to n"nmn*p 
surge pressures exerted on the weJfflbore which couW cause a loss 

30 and lead to hole collapse. 

ThefluMpas8agc235perniite 
passage 230. In this nianner, during pla«mentrf 
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new section 130 of the wellbore 100, flnidk materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tabular member 210 
thereby minimizing surge pressureson the weflbora section 130. The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidkiy coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and closing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably mini m\ze surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the ceiiter^ 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gaflonataiinute and 0 to 
9,000 psi in order to reduce the dragon the apparatus 200 during insertion into 
the new section 130 of the wellbore 100 and to mmimit* surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tabular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 216 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferabty has a cross-sectional 
shape that permits a plug, or other similar device, to be placed in fluid passage 240 
to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidkiy isolated from the region exterior to the tubular member 2 10. This permits 
25 the Interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 240 can be sealed off bymtroducmgaphig, dart 
and/or bail sealing elements into the fluid passage 230. 

The seals 246 are coupled to and supported by an end portion 260 of the 
5 tubular member 210. Theeeals 245 aiefbjtnerpositianed on an outer surface 265 
of the end portion 260 of the tubular member 210. Hie seals 245 permit the 
overlapping joint between the end portion 270 of the casing 115 and the portion 
260 ofthe tubular member 210 to be fhiklicfy sealed. The seals 245 may comprise 
any number of conventional commerciaDy available seals such as, for example, 
10 lead, rubber, Teflon, or epoiy seals modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the seals 245 are molded from 
Strataloekepoxy available from HaDurerton Energy Services ml^^ 
to opthnafiy provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 ofthe existing casing 115. 
15 In a preferred embodiment, the seals 245 are selected to optimally provide 

a suffi c ient frictional force to support the expanded tubular member 210 from the 
existing casing 116. In a preferred embodiment, the frictional force op timally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 lbf in order to 
optimally support the expanded tubular member 210. 
20 The support niember 250 is coupled «n«w> «^p«iwi«Ma mandrel ?n* tub ular 
member 210, shoe 215, and seals 220 and 225. The support member 250 
preferably cornpriees an armnlar member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weHbore 100. In a preferred 
embodiment, the support member 250 further includes one or more conventional 
25 centxalizers(notilhistra^ 

In a preferred ernbodhnent, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tabular rnernber 210. In this manner, thn extrusion of tiaetu^ 
ofthe expandable mandrel 205 is facilitated. The tobricant 275 may comprise any 
30 number of conventional conmierciauy svaflable tabricanta such as, for example, 
Lubriplata, chlorine based 

(3100). In a preferred embodiment, the hibricant 275 comprises Climax 1500 
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Antigie»e (3100) available frtun Climax Lubricants and Equipment Co. in Houston, 
TX in order to optimally provide optimum lubrication to facQiate the expansion 
process. 

In a preferred e mbo diment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In this manner, 
the introduction of foreign material into the apparatus 200 is minimized This 
minimizes the possibility of foreign material dogging the various flow passages and 
valves of the apparatus 200. 

In a profr™^ embodiment, hrfttr* or afl» positioning the apparatus 200 
10 within the new section 130 of the wellboTe 100, a couple of weflbore volumes are 
circulated in order to ensure thai no foreign materials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 and to ensure that no foreign material interferes with the expansion 
process. 

15 As illustrated in Fig. 3, the fluid passage 235 is then closed and a hard pnahle 
Quidic sealing material 305 is thf* pumped from a surface location into the fluid 
passage 230. The material 306 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 2 10 below the expandable mandrel 205. 
The material 305 then passes from the interior region 3 10 into the fluid passage 

20 240. The material 305 then exits the apparatus 200 and fills the annular region 
815 between the exterior of the tubular member 210 and the interior wall of the 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 3 15. 

The material 305 is preferably pumped into the annular region 315 at 

25 pressures and flow rates ranging, for example, from about 0 to 5000 pei and 0 to 
1,500 gaDongftnin, respectively. The optimum flow rate and operating pressures 
vary as a taction of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the Quidic material being 
p umped The optimum flowrate and operating pressure 

30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example. Blag mix, cmmt or cpoxy. In a preferre d embodiment, the 
hardenahto fluidic sealing material 305 compriaes a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services m Dallas, TX mo 
5 while also Tnarmtoining optimum flow criaracteTifrtics bo as to rnmimize difficolties 
(hiring the digpla cs enmnt of cement in the annular region 315. The optimum blend 
of the blended c e ment ia preferably determined using conventional em pi rical 
methods. 

The annular region 316 preferably ia filled with the material 305 in 
10 a u ffiamt q uantities to at^ 

210, t he annu la r regkm 815 of the new aection ISOofthe weHbore 100 wffl be filled 
with material 305. 

In a particularly preferred embodiment! as illustrated in Fig, 3a, the wall 
thickness and/or the outer diameter of the tubular member 21 0 ia reduced in the 
15 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 mpoartiom Furthermore, in 

this manner, the initiation of the radial eipsnskm of the tubular member 210 
during the extrusion process is optimally facilitated 

As nhxatrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 305, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby flnidicry isolating the interior region 310 from the 
annular region 315. fa » prrfgrrpH embodiment, a nan rhmrJena hl e fluidic Tnftt^rjpi 
306 ia then pumped into the interior region 310 causing the interior region to 
pressurise. In this manner, the interior of the esponded tubular meinber 2 10 will 
25 not contain significant amounts of cured material 305. His reduces and simplifies 
the cost ofthe entire process. Alternatively, the material 305 m^ be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 ia extruded off of the expandable mandrel 205. Daring the extrusion 
30 process, the e xpand able mandrel 205 may be raised out ofth* expanded rretwyn ^f 
the tubular member 210. In a preferred mnh^hn^ during the extrusion 
process, the mandrel 205 is raised at spproximatery the saine rate as the 
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member 210 is expanded in order to keep the tabular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the OTtrumrm pnmB re r^™*™*** ***** the tubular member 210 positioned above 
the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tabular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The ping 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner . The phig 405 preferably acts to fluidicly isolate the hardenable fluidic 
10 sealing material 305 from the non hnrriflnwhle fluidk material 306. 

The plug 405 may comprise any number of conventional commercially 
available devices fiomphiggingafluidp 

Cementer (MSG) latch-down plug, Omega latch-down plug or three-wiper latch- 
down plug modified in accordance with the teachings of the present disclosura In 

15 a preferred embodiment, the plug 405 comprises a MSC latdwiown plug available 
from Halliburton Energy Services in Dallas, TZ. 

After placement of the plug 405 in the fluid passage 240, a non hardenable 
fluidic material 306 is preferably pumped into the interior region 310 at preesures 
and flow rates ranging, for example, from appro psiandSO 

20 to 4,000 gallons/mm. In this manner, the amount of hardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimised In a 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 
the non hardenable material 306 is prefers^ 

at pressures and flow rates ranging from approximately 5(K) to 9,000 pa and 40 to 
25 3,000 gftllppf/r™" in «rder to maximise the extrusion speed 

In a preferred embodiment, the apparatus 200 is adapted to minimise 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 210 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of hibrkant, and the yieU strength 
of the tubular member 210. In general, the thicker the widi thickness, the smaller 
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the nmerdianieter.and the greats 

then the greater the operating pressures raquii^ to extrude the tubular member 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular membe r 210 
5 off of the exp andable mfmdrel will begin when the pressure of the interior region 
310 reaches, far example, approximate^ 600 to 9,000 peL 

During the extrusion process, the expanrinHn mandrel 205 may be raised 
out of the expanded portion of the tubular member 2 10 at rates ranging, for 
example, from about 0 to 5 ft/sec* In a preferred ^^t, dnrinctho extrusion 
10 process, the trpanri i hle mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates rax^ 
the thne required far the fopm 
the expansion p roc esSi 

Whan the end portion 260 of the tubular member 210 is extruded off of the 
16 expandable mandrel 206, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 116 to form an fluid tight ovex lapping joint. The contact 
pressure of the overlapping joint may range, far example, from approximately 50 
to 20,000 psi. In a preferred embodiment, the contact pressure of the overlapping 
20 joint ranges from approximate^^ 

pressure to activate the annular sealing members 245 and optimally provide 
resistance to axial iaotion to ac^ 



the section 265 of the expanded tubular member 2 10 prefers^ 
25 and flnidic seal InapartimlarirprrfM^ ^mK^-^t ^ ^i^^^^ ?15 

optimally provide a fluidic and gaseous aeal in the overlying joint 
In a preferred embodiment, the operate 

har drnshleflnidtr mater ial 806 is (xmtroDab^ ramped down when the 

mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner, the sudden release of pressure caoaedbytheeoniaeteertruaionofthe 

tubular meinber 210 off tf the eipa^ JnB 
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preferred embodiment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during thceiidoftheeitrudonpnx^begimniig 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shockahsorberisprovidedinthesuppor^ 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
Hie shock abs or b er may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 

10 in the end portion 260 of the tubular member 210 in order to catch or at least 
decelerate the mandrel 205. 

Oneo tho grtnifltOT rnrrrftft in lyrnipH**!, ftypmHnhW» mandrel sns is 
removed from the wellbore 100. In a p r efer re d embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the Quidic seal of the 

16 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fhiidic aeal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 1 16 is satisfactory, 
the n anyuncured portion of the material 305 within the expanded tubular member 

20 210 is then rwnftvfd in 9 r*}™*"***™** "Atmgr such **, for example, eiirnlntfng the 
uncured material out of the interior of the expanded tubular member 210. The 
mandrel 206 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 

26 the annular region 316 is then allowed to cure. 

As illustrated in Fig. 5, preferably any r*™ ming cured material 305 within 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 610 includes the expended tubular member 210 and an outer 

30 annular layer 615 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 216 and dart 406 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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Ixx a preferred embodiment, as illustrated in Fig. 6, the upper portion 260 
of the tabular member 210 includes one or more sealing members 605 and cme or 
more pressure reliefholes 610. In thia manner , the o ve r lap ping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative preferred embodiment, the sealing 
10 members 605are bonded or nxJded oi^ 

260 of the tubular member 210. The pressure reliefholes 610 are preferably 
positioned in the last few feet of the tubular member 210. The pressure relief 
holes reduce the operating pressures required to expand the upper po 
the tubular member 210. This redaction in required 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
Process. This reduction in velocity in t^ 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Pig. 7, a particularly preferred embodiment of an 
apparatus 700 for forming a easing within a wellbore preferably includes an 
20 expandable mandrel or pig 705, an expandable mandrel or pig container 710, a 
tubular member 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 735, a fluid passage 740, a support member 745, a bod^ 
750, an overshot connection 765, another support member 760, and a stabilizer 
765. 

25 The expandable mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 706 is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllahiy expand in a radial direction. The expandable mandrel 705 may 
comprise airy number of conventional commercially available expandable mandrels 

30 modifiaimaccordanc* In a preferred 

embodiment, the expa nd a ble mandrel 705 comprises a hydraulic expanaon tool 
substantially as disclosed in UJ3. Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference, modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional conimeraally available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a pr e f erred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated. In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
fhi>v™»«« than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker, lower strength material of the tubular member 715 is expanded, the 
outside diameter of the tubular member 7 15 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to figs. 1*6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a p re fer red embodiment, the tubular member 715 has a substantially 

annular cross-Bectkm. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular annular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is d 

of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably denned by the region begins 

container 710 and ending with the region in the The 
lower section of the tubular member 715 ia preferably defined by the region 
beginning in the vicinity of the mandrel 705 and ending at the bottom 825 of the 
5 tubular member 716. 

In a preferred embodiment the wall thickness of the upper section 805 of 
the tubular member 715 ia greater than the wall thicknesses of the- intermediate 
and lower sections 8 10 and 815 of the tubular member 715 in order to optimally 
facOiate the initiation ofthe extrusion process and o^ 
10 700 to be positioned in locations in ^wdBwre having tight dearancea. 

The cater diameter and wall thickness of the upper section 806 of the 
tubular member 715 maynmgfr far eaamp^finmiabom^ LOS to 48 inches a n d 1/P 
to 2 inches, respectively. In a preferred embodiment* the outer diameter and wall 
thickness of the upper section 805 of thetubuJarmember715i«ngefin>mabout3.5 
15 to 16 inches and 3/8 to 1.5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about £6 to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diameter and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/8 to i frfi indies, respectively. 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, far example from about 2^ to 50 inches and 1/16 
to 1.25 inc he s, respective^ In a preferred embodiment, the outer diame ter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 178 to 1.25 inches, respectively. In a particularly 
profaned embodiment^ 

member 715 ia further mcreased to increase tte 

drillable materials such as, for erample, aluminum are used 

H» tubular member 715 preferably comprises a solid tubular member. In 
30 a preferred embodiment, the end portion 820 of the tabular member 715 is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 705 whan it 
completes the extrusion of tubular member 715. In a p r afa i ed embodiment, t he 
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length oftbe tubular member 7 15 is limited to 

For typical tubular member 715 materials, the length of the tabular member 715 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a pr e fer red 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly preferred embodiment, the cross-sectional shape 
of the inlet passage 83 0 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferably includes a body of solid material 840 for increwmrig the strength of the 
shoe 720. In a particularly preferred em 
comprises aluminum. 

The shoe 720 may comprise any number of conventional commercially 
available shoes such as, for example, Super Seal II Down-Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down prug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimize 

20 guiding the tubular member 715 in the weUbore, optimize the seal between the 
tubular member 715 and an existing wellbore casing, and to optimally faciliate the 
removal of the shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region of the tubular member 715 above the expandable mandrel 706. The lower 
cup seal 725 may comprise any number of conventional c om m er c i ally available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings of the present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TK in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is coupled to and supported by the support member 
760. The upper cup seal 730 prevents foreign materials nTnnentermg the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional conaneraalfr available cup seals such as, fig exampl e, TP 
5 cups or Selective Injectkm Packer (SEP) cup modified in accordance with the 
t eachings of the prese nt disclosu r e. In a preferred embodiment, the upper cup seal 
730 comprises a SIP cup available ftom Halliburton Enogy8ervicesm 
in order to optimally provide a debris barrier and contain & body of lubricant 
The fluid passage 735 permits fluidic materials to be transported to and 
10 fami the interior regra 

705. Tfcefluid passage 735 is flnidk^ coupled to the fluid passage 7^ The fluid 
passage 735 is preferi&fr a 

760, the rapport member 745, the mandrel container 710, and the expandable 
mandrel 705. The fluid passage 735 preferably extends from a position adjacent 

15 to the surface to the bottom of the expandable mandrel 705. Hie fluid passage 735 
is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
eposes at flow rates and pressures ranging &om about 40 to 3,000 gallonstoinule 
and 500 to 9,000 pd in order to provide suflBcient operating i«ssure8 to extrude 

20 the tubular member 715 off of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wdlbore, fluidic materials forced up the 
fluid passage 735 can be released m to to 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is coupled to and positioned within the support member 260, The 
pressure release passage is further fh^ The 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activated mord^ The 
30 pressure rele^ passage is prefix 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such ss cement, drilling mud or epoxies at flow rates 
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and pressures ranging from about 0 to 500 gallons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 (hiring insertion into a new section 
of a wellbore and to mmwitro surge pressures on the new wellbore section. 

The Quid passage 740 permits flnidic materials to be transported to and 

6 from the region exterior to the tubular member 716. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidk communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the mlet 830 of the fluid passage 740 

10 to thereby block farther passage of flnidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fiuidicjy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey m aterials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallona/minute and 0 to 9,000 pai in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with flnidic materials. In a preferred e m bo diment , the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 845 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are farther positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluidkry sealed The seals 845 may comprise any 
nu mber of conventional commerciaDy available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 



present disclo sur e. In a preferred embodiment, the seals 846 comprise seals 
molded from Stratalock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubule 
715. 

In apreferred embodiment, the seals 845 are selected to provide a sufficient 
factional force to support the expended tubular member 715 from the existing 
easing. In a preferred embodiment, the fractional force provided by the seals 846 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimaUy support the 
expanded tabular member 715. 

The support member 745 is preferably coupled to th*» «rp«ndflH* mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annnlar member having sufficient strength to carry the apparatus 

15 700 into a new section of a weUboce. lb supp<nt member 745 may con^riseai^ 
number of conventional commercially available support members such as, for 
example, steel drill pipe, coiled tubing or other hi gh strength tubular modified in 
accordance with the taarhrngH of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional driU 

20 from various steel mill* m the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable mandrel container 710 within the interior of 
the tubular member 715. In this manner, the extrusion of the tubular member 715 
off of the expandable mandrel 705 is facilitated. The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil based lubricants, or GBmax 
1500 Antiaiexe (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisiese (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 

30 process. 

The overshot connection 755 is coupled to the support member 745 
support member 760. The overshot connection 755 preferably permits the support 
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member 745 to be removabfy coupled to the support The overshot 

connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 p re f erred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not Rostrated). The support member 760 

10 preferably comprises an «Tir.nl*r member having sufficient strength to carry the 
apparatus 700 into a new section of a wellborn. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other hi^ strength tubule 
modified in accordance with the teadiings of the presen t di ir lo wire. In a preferred 

15 embodiment, the support member 760 compriBesaconventkmal drill pipe available 
from steel mills in the United States. 

The stabilizer 765 is preferably coupled to the support member 760. The 
stabilizer 766 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabilizer 766 preferably comprises a 

20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
budklingofthe tubular member 715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Guides, packer shoes or drag blocks modified in accordance with the t eachings 

25 of the present disclosure. In a preferred embodiment, the stabilizer 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to aasembry to the remaining portions of the apparatus 
30 700. In this manner, the introductionof foreign material into apparatus 700 
is minimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 



-24- 



In a preferred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weHbore volumes are circulated 
through the various flow passages of the apparatus 700 mo^ 
foreign materials are located within the wellbore that ™ gH dog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the 

In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore, 

10 As illustrated in Fig. 8. in an altenm U jn vfm . ^ mrK^im^t, thf method 

and apparatus desoibed herein is used to repair an existing wellbore casing 805 
by forming a tubular liner 810 inside of the existing wellbore casing 805. In a 
preferred embodiment, an outer annular lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, airy number of fluidic 

15 materials can be used to expand the tubular liner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy F 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular meniber in order 
to optimally provide a fluidic eeaL In an alternative preferred embodiment, the 
20 tubular liner 810 is formed with^ 

as those used to transport hydr ocarbonaor water, with the tubular linar 810 placed 
in an overlapping r elationRhip with the adjacent pipeline section, fa this manner, 
underground pipelines can be repaired withmit h 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to direct Ina 
preferred embodiment, an outer annular Hnmg of cement is n^ 
the tubular bn<* 810 and the w^ In the alternative preferred embodiment, 
anynuinberoffhiidic mat e rials can be used to earned 

30 mtimate contact with the well^ 
or d rilling mud. 
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Referring now to Figs. 9, 9b, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a weHbore casing includes an expendible tubular 
member 902, a suppent member 904, an e^^ 

908. fo a prrff n v rt mH^, the <Wjgn and construction of the mandrel 906 
5 and shoe 908 permits e^removd of In this 

manner, the assembly 900 can be easily removed from a wellbore using a 

conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an tipper portion 

910, an intermediate portion 912 and a lower portion 914. During operation of the 
10 apparatus 900, tbo tubular m 

906 by pressurizing an interior region 966 of the tubular member 902. The 

tubular member 902 preferably has a suhstmrtiftl ry annular crosfr-eection. 

In a particularly preferred embodiment, anc^pandabletubultf member915 

to coupled to the upper poison 910^ During 
15 operation of the apparatus 900, the tubular member 916 is preferably extr^ 

of the mandrel 906 by pressurising the interior region 966 of the tubular member 

902. The tubular member915 preferably has a^ 

In a preferred embodiment, the wall thickness of the tubular member 915 is 
greater thf™ the wall thickness of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, kw alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902. 

25 Inaparticnlarlyprrferrede 

point ranging from about 40,000 to 135,000 pal in order to optimally provide 
approximately the same yield properties as the tubular mein^ The tubular 
member 915 may comprise a plurality of tubular inemberB coupled end to en± 
In a preferred embodiment, the upper end portion of the tubular member 

30 915 includes one or more sealing members for optimally providing a ftuidic and/or 
gaseous seal with an existing section of wellbore casing. 



In a preferred embodiment, the combined length of the tabular members 
902 and 915 are limited to minmri«» the possibility ofbttf Ming For typical tubular 
member materials, the combined length of the tabular members 902 and 915 are 
Kmited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 

the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 802 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy gteela, titaninm or itnml fifaefa In a preferred einbodiineat, 
the tubular member 902 is fabricated from 

provide approximately th a same "Mw»h*nwH> 1 pmjmrti ** a a the tab " la T wmmW 915 
In a particularly p re f erred embodiment, the tubular member 902 has aplasticyield 
16 point ranging from about 40,000 to 136,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

ThB wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1A6 to 1.5 
inches. In a preferred rnihorirmftnt, tbA m }\ thMmogp nftfw* ypr*»r inter™ 

30 and lower portions, 910, 912 and 914 of th^ 

1/8 to 1.25 in order to optimally provide waDtUdhJcas that are about the same as 
the tubular member 915, In a preferred embodiment, the wall thickness of the 
lower portion 914 is less than ox equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clear ance s 

25 downhole. 

The outer diameter of the upper, fatermBdiate, and lower portions, 9 10, 912 
and 914 of the tubular member 902 may range, for *"»*™pfr from about 1 .05 to 48 
inches. In a preferred embodiment the outer diameter of the tipper , mt^rr^if***, 
and tower portions, 910, 912 and 914 of the tu^ 
30 3 to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The len g th of the tubular member 902 is preferably limited to between 
about 2 to 5 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant. 

The tubular member 902 may comprise any number of conventional 
5 wwmnwrTflny Avaflfthle tubular members modified in aumnbi i kt? with the tftftrhingB 
of the present disclosure. In a preferred embodiment, the tubular member 902 
rnmpTinpfl Oilfield Country Tubular Goods available from various US. steel mills. 
The tubular member 915 may comprise any number of 

available tubular members modified in accordance with the toarhingB of the 

10 prfflmtrt l tr1ftff 1>Fft TwAprwfarg^emhodiin^^ 

Oilfield Country Tutelar Goods available from various US. steel mills. 

The various elements of the tubular member 902 may be coupled using any 
number of conventional process audi as, for example, threaded connections, 
w elding or ™***Mn«l from one piece. In a pref erred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 9 15 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
wriding or machined from one piece. In a preferred embodiment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 9 15 may comprise a phmdity of tubular demmtstha^ 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 
machined from one piece. 

26 The support member 904 prefix 

a fhiid passage 918, an upper guide 920, and a coupling 922. During operation of 

the apparatus 900, the bu!j^^ 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steel In a preferred 



embodiment, the rapport member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferably ujed to convey fluids and other materiak 
to and from the apparatus 900. In a p r ef erred embodiment, the fluid passage 918 
is fluidiefcr coupled to the fluid passage 962. In a preferred embodiment, the fluid 

apparatus 900. In a particular^ preferred ain^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparainj900 within a wellbore. In a preferred 
embodiment, the flnid passage 918 is positioned along a longitudinal centeriine of 

16 the apparatus 900. In a preferred «miww«i~m+ ffrrij pagrage 918 is selected 
to permit the conveyance of bardenabk fluidic mat^ri^ at operating pressures 
ranging from about 0 to 9,000 pat 

The upper guide 920 is coupled to an upper portion ofthe support member 
904. The upper guide 920 preferahty is adapted to center the support meniber 904 

20 within the tubular member 916. The upper guide 920 may comprise aiiy number 
of conventional guide members modified in accordance with the tj^rh ^ 0 f the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
imierstring adapter available from Halliburton Energy Servicesm^ 
to optimally guide the apparatus 900 withm the tubular member 915. 

26 The coupling 9^ couples the smTport The 

cmipUng922prefeiab^cm 

The various dements ofthe support member 9M may be ooiipkduaing any 
number of conventional processes such as, lor example, welding, threaded 
co nnection s or machined from one piece. In a preferred embodiment, the various 

SO elements of the support member 904 are coupled using threaded connections. 
The mandrel 906 preferably includes a retainer 924, a ruM 
e^jansion cone 928,alower cone retainer 930, ata 



934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944^1^^ 
950, and a fluid passage 952. 

The retainer 924 ia coupled to the habricator mandrel 946, hihricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cop 926 is coupled to the re 

946, and the fabricator sleeve 948. The rubber cup 926 prevents the entry of 
foraj gp materials into the interior region 972 of the tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conven tional 
commercially available rubber cups such as, for example, TP caps or Selective 

15 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials, 

In a particularly preferred embodiment, a body of lubricant ia further 
provided in the interior region 972 of the tuljular member 902m order to 

20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
kufrripfrfr, rMn^bag^ hiW«mfctt nil based hihricimtaorCmnax 1500 Antiseue 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiaeire 

25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
oro^ to c^rtimalry provide hibrication to fariliat* the extrusion process. 

The expansion cone 928 is coupled to the tower cone retainer 930, the body 
of cement 932, the lower guide 934, the extenskm sleeve 938, the housing 940, a^ 
the upper cone retainer 944. In a preferred embodiment, during operation of the 

30 apparatus 900, the tubular members 902 and 916 are extruded off of the outer 
surface of the expansion cone 928. In a preferred ernbodiment, axial movement 
of the expansion cone 928 is prevented by the tower <»ne retainer^ 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion cone 928 preferably has a sa^ 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thickness of the expansion cone 928 may range, for 
example, from about 0.125 to 3 indies. In a preferred embodiment, the wall 
t hicknes s of the expansion cone 928 ranges from about 0.25 to 0.75 inches in order 
to optimally provide adequate compressiv e strength with mmm% fl ] materi al The 
10 maximum and minimum outside diameters of the expansion cone 928 may range, 
far example, from about 1 to 47 inches, fa * p^ftn^ ~n»wwft™^ ^ mo*^™ 
and Tnfrnmnm outside diameters of the expansion cone 928 range from about 3.5 
to 19 in order to optimally provide expansion of generally available oilfiel d tubulars 
Hie expansion cone 928 may be fabricated from airy number of conventi ona l 
15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steeL In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally pn>videhi^ strength and ahrask>n resistance. 
The surface hardness of the outer surface ofthe expansion cone 928 may range, for 
examp4e f from about 50 Ro<±wenC to 70 Rockwell C. In a preferred embodiment, 
20 the surface hardness ofthe outer surface ofthe expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred emhndirm^ the ^t*™"'™ °?S is heat treated to 
optimalry provide a hard outer surfece and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness 
25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housings*). In a preferred embodiment, axial movement ofthe expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The tower cone retainer 930 may be fabricated from airy number of 
30 conventional commercially available materials such as, for example , ceramic, tool 
steel, titanium or low alloy steeL In a preferred embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardness of the outer surface of the 
lower cone retainer 930 may range, for example, from about 60 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardnm of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 in order to optimally provide high yield strength. In a preferred embodiment, the 
lower cone retainer 930 is beat treated to optimally provide a hard outer surface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

In a preferred embodiment, the lower ojncretainer 930 arid the expansion 

10 cone 928 are formed as an integral one-piece element in order reduce t^ 

of components and increase the overmll strength of the apparatus. Tha outer 
surface of the lower cone retainer 930 prefera!^ mates with the m^ 
the tubular members 902 and 915. 

The body ofcement 932 is positioned withm 

15 The body ofcement 932 provides an mner bearing structure for the mandrel 906. 
The body of cement 932 further may be easiry drmedcmt using a conventional drill 
device. In this manner, the mandrel 906 may be easOy removed using a 
conventional Hrfflmg device. 

The body of cement 932 may comprise any number of conventional 

20 commercially available cement compounds. Alternatively, aluminum, cast iron or 
tome other drillflhfr metallic, "^pn^, «"» aggregate material may be substituted 
for cement. The body ofcement 932 preferably has a su bs t antial ly annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 During operation of the ar 

the movement of the mandrel 906 within the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubular*, low alloy 
30 steel or stainless steel In a preferred embodiment, the lower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 834 preferably mates with the inner surface 
of the tubular member 902 to provide a gliding fit 

The extension aleeve 938 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of tha inandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially nnmilnr cxoss-sectkm. 

Hie extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or stainless steel In a preferred embodiment, the 
10 extension sleeve 936 is fabricated 

highyieldstxengtk TheoateMurfwaoftte 

with the inner surface of the tubular member 902 to provide a tHding fit In a 
piefei ie d embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 
16 components and increase the strength of the a p p ara tus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be c on ve y ed from the 
surface through the fluid passages 918 and 9S2 into the fluid passage 962. 
20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. Inaprefexredembodimm^ in 
order to cratimalry provide drillability , The end of the spacer 938 preferably mates 
26 with the end of the extension tube 960. In a preferred embodiment, tlie spacer 
938 and the sealing sleeve 942 are formed asanmtegral one-piece elementm 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 
SO operation of the apparatus 900, the housing 940 preferabry prevents inner radial 
motion ofthe expansion cone 928. Preferably, tbe housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steeL In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 

5 preffrmif g™>wtim» T it tbfl kwer guide 934, CTtmsio n sleeve 936 and housing 940 
are farmed as an integral one-piece element in order to TninimitP the number of 
components arid increase the strength of the 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to facfliste the connection between the 

10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 9S% the spacer 938, arri During operation of 

the apparatus, the Healing sleeve 942 preferably provides support for the mandrel 
906. Thf> fiAnlmg alreve 942 is preferably coupled to the support member 904 using 

15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross-section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the sealing sleeve 942 is fabricated from 
20 aluininum in order to optimally provide drillability of the sealing sleeve 942 . 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes ong or more protrusions to facfliate the connection between the 
sealing sleeve 942 and the body of cement 932 . 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to minimiz e the 
number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retamer 944 p 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
croBfl section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide driHability of the upper 
5 cone retainer 944. 

In a particular^ preferred emlx^^ retainer 944 has a 

cr on n sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-«haped to provide increased rigidity and ininimise the 
10 smoont of material that would have to be drilled out 

The fabricator mandrel 946 is oxn>led to the retainer 924, tto 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 ajid the tabular member 902. Preferably, the 
lubricator mandrel 946 has a substantially annular cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the fabricator mandrel 946 is 
20 fabric a t ed from aluminum in order to optimally provide driUabflity of the 
fabricator mandrel 946. 

The lubricator sleeve 948 is coupled to the fabricator mandrel 946, the 
retainer 924, the rubber 

948, and the guide 950. During operation of the apparatus 900, the fabricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 

sleeve 948 has a substantially annular cross-section. 

The fabricator sleeve 948 may be fabricated from any number of 

conventional conuneroauy available materials such as, for example, steel, 

aluminum or cast iron. In a preferred thtr fabricator olocro 9 AS in 

30 fabricated from aluminum in order to optimally provide drillability of the 

fabricator sleeve 948. 
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As illustrated in Fig: 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The lubricator sleeve 948 mtuni supports the rubljer cup 
926. The retainer 924 couples the rubber cup 926 to the hibricator sleeve 948. In 
a preferred fTnhnHfm<m fr «amia 049ft md 949b are provided between the lubricator 
5 mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the hibricator mandrel 946, the retainer 924, 
and the hibricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 hpff f m* fr«U w + j « 1 !y annular mm wfinn 

The guide 950 may be fabricated from any somber of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the guide 950 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys hardenahle ftuidic 
materials In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly prefe rred embodiment, the 
fluid passage 952 is adapted to convey hardenahle fluidic materials at pressures 
20 ejid flow rate rerigmg from a^ 

to optimally provide pressures and flow rates to displa ce and circulate fluids daring 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled using any number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandrel 906 are coupled using threaded connections and cementing. 

The shoe 908 preferably includes a housing 954 , a body of cement 958, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The housing 954 is coupled to the boo^ofcemexit 95^ and the lower port^ 

914 of the tubular member 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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" shoe 908 to facilitate the extrusion and positioning of the tabular member 902. 
Preferably, the homing 954 baa a substantially annular cross-eection. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum* In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide d riBahittj of the hous i ng 954 

In a particularly preferred embodiment, the interior surface of the hmiomg 
954 includes one or more protrusions to faoliate the connection between the body 
of cement 956 and the housing 954. 
10 The body of cement iaarmpiiri fa* the hmmmgfls^ and ^i^g sleeve 
958. In a preferred -embodiment, the composition of the bofly of cement 956 is 
selected to permit the body of cement 4o be easily drilled out using conventional 
drilling machin es and process es. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a (billable 
material such as, far example, ahnninum or iron may be auhstitn ted for t he body 
of cement 956. 

The sealing sleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing sleeve 968 preferably is adapted to convey a 
harden able fluidic material from ths flnid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to inject the hazdenablefhddk material 
into an annular region external to the tubular member 902. In a preferred 
embodiment! during operation of the apparatus 900, the sealing sleeve 958 fturther 

25 includes an inlet geometry that permits a conventional jdng or dart 974 to become 
lodged in the inlet ofthe sealing sleeve 968. In this manner, the fluid passage 962 
may be blocked thereby fluidity isolating the interior regkm 966 
member 902. 

In a preferred embodiment, the sealing sleeve 958 has a substantially 
SO annular cross-section. The sealing sleeve 958 m^ be fabricated 

of conventional commercially available materials audi as, for example, steel, 
aluminum or cast iron. In a preferred embodiment; the sealing sleeve 958 is 
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fabricated from aluminum in order to optimally provide dri liability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a hard enable flnidk 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable fluidic materia! into an annular 
region external to the tubular member 902. In a preferred embodiment, during 
operation of the apparatus 900, the sealing sleeve 960 further in r h i des an inlet 

10 geometry that permits a conventional phig or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidkry isolating the interior region 968 of the tabular member 902 . In 
a preferred embodiment, ora 

the spacer 938 in o rder to optimally faciiiate the transfer o f material between the 
15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. Tlieexteiiirian tube 960 m 

of conventional commercially available materials such as, for example, steel, 
ahiminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drfllahihty of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic mat e ri als. In a 

25 preferred embodiment, the fluid passage 962 is positioned about tte 

the apparatus 900. In a particularly preferred enibodiment, the ihiid passage 962 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,0(K> psi and 0 to 3,^ 
provide fluids at operationally e ff ic ie nt rates. 

30 The outlet jets 964 are coupled to the sealing sleeve 958, the extensio n tube 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferabry convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908indndesaphmility 

In a preferred fimhoritmfrit, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 966 m order to annpUfy the conatrnc^ 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machinfri from one piece of material In a pre f erred embodiment, the various 
elements of the shoe 908 are coupled nsmg cc^aspfc 
10 In a preferred mnbodmwnL the asaamhfr 900 « npermt*** nW^ffajfr m 

described above with refiaren^ 
weHboreorto repafr a wellbore casing or pipelira 

In particular, in order to extend a wellborcmioasabterraneanfonnation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

Hie apparatus 900 for forming a waUbore casing in a subterranean 
formation is then positioned in the new section of the wellbore . In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hw*»naMft fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a aurfooe location into the fhmip The 
hardenable fluidic sealing material than passes from the fluid passage 93 ft ***** the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jeta 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior^ 
wellbore. Continued pumpingof the hardanahle fluidic sealingmatflrlAl ^ thp 
material to fill up at least a portion of the immiiar region- 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for eamnple, from about 0 to 
5,000 psiandO to 1,500 galtannfaim, respectively. Inapraferred embodiment, the 
hardenable fluirfir nftaKn r material is pmnpgd mm *K» »T^i rr etpmnwrcfl 



and flow rates that are designed far the specific wellbare section in order to 
optimize the displacement of the hardenable fluidfc ppwKng material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are preferably determined using conventional empirical methods. 

The hard enable fluidic sealing material may comprise any number of 
conv entional ^ wnmPTfbiiiy available KoT^gmth iA finidic sealing materials such 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 

10 specifically for the well section being lined available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide support 
member while also Trmmtafnfng optimal flow characteristics so as to minimize 
operational rfiffimiitipfl during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 

15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the nnrnifar region of the new section of the wellbore will be 
filled with hardenable material. 

20 Once the annular region has been adeo^ 

sealing material, a plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 

25 region 966 causing the interior region 966 to pressurize. In a particularly 
prefer re d embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by hitrooWng the plug or dart 974, or other 
similar device into the non hardenable fluidic material. In this manner, the 
amoun t of cored material within the interior of the tubular members 902 and 915 

30 ismjnimaed 

Once the interior region 966 becomes sufficiently pressurized; the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandable. During the extrusion process, the mandrel 906 
is raised out tfthecxpimded portions 
the support member 904 During this extniam 
substantially stationary. 
5 The plug or dart 974 is preferabry placed into the fluid passage 962 by 

introducing the plug or dart 974 into thaflukl passage 918 at a surf^ location in 
a conventional manner. The plug or dart 974 may comprise any numbe r of 

conventional commercial^ *nmilflhlA devices fig p^ffip^ff * ** **** patxpg? gp^h ^ 
for example, Multiple Stage Cementer (MSG) latch-down plug, Omega latch-down 
10 plug or three- wiper latch down p^ 

the present disclosure. In a preferred embodiment,^ 

a MSC latch-down plug available from Halliburton Energy Services 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 
15 pressures and flow rates ranging from appnrrimately 600 to 9,000 psi and 40 to 
3.000 tmllona/min in order to optimally extrude the taihnlnr mtm>w ^ QQfl 9x5 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reachesappixxiinat^y 500 to 9,000 pal In a preferred 
embodiment, the extrusion of the tubular members 902 and 916 offof the mandrel 
906 begins when the pressure of the interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gaDons/nmrate. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 e xp anded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, duringthe extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 916 at rates ranging from about 0 to 2 it/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

SO permit full expansion of the tubular membere 902 and 916 prior to curing of the 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the outer surface of the upper end portion ofthe tubular member 
916 win preferably contact the interior surface of the lower end portion of the 

»ri wtfn g r**rng tn farm im flnid tight overlapping joint. The contact pressure of the 
5 overlapping joint may range, for enwpplf , from approximately 50 to 20,000 psL In 

upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10 ,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 

10 the tubular member 916 and existing wellbore casing wiU carry Epical tensile and 
compressive loads. 

In a preferred embodiment, the operating pressure and 
hardenable fluid yc material will be contxoilahry ramped down when the mandrel 
906 reaches the upper end portion ofthe tubular member 915. In this manner, the 

15 sudden re lease of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 6 feet ofthe 

20 extrusion process. 

In an altern ativ e prefe rred embodiment, the operating pressure 
rate ofthe har denab le fhiidic sealing material and/or the non hardenable fhiidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise g h^fe 

25 Ahmiatrvely, orin rnrnbmation, a Bhock absorber is provided in the support 
member 904 in order to absorb the shock caused by the sudden release of pressure. 

Altern ativ ely, or in combination, a mandrel catching structure is provided 
above the support member 904 in order to catch or at least decelerate the mandrel 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the weUbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the flukUc seal of the overlapping joint between the 



-42- 



upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using con vmtional methods. Iftheflmdic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, then the uncured portion of any of the 
5 hardenable Dnidic Beating material within the expanded tubular member 915 is 
then removed in a conventional manner. The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 916 and the 
existing casing and new section of wellbore is then altowed to cure. 

Preferably agy remaining cured hanienable fhiidk sealing mal^rijil 
10 the interior of the expan ded tubular members 902 and 916 is then removed in a 
conven tional manner using a conventional drill string. The respiting new section 
of casing preferably includes the expanded tubular members 902 and 916 and an 
outer annular layer of cured hardenable fluidic sealing ma^ fl The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 
15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment* during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior ofthe wellbore due 
to a malfunction. In this circumstance, * «mwntiffl«i *rit] string is uacd to drill 
out the interior sections of the apparatus 9(» in order to fadUtate the remo 
20 the remaining sections* In a preferred embodiment, the interior elements of the 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition of the interior 
26 secticms ofthe mandrel 906 

cement 932, the spacer 938, the sealing sleeve 942, the upper cone retains 
the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
964, the body of cement 956, the sealing sleeve 958, and the extend 
are selected to permit at least some of these components to be drilled out using 
30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easQy removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d, 10e, 10f f and lOga method and 
apparatus for creating a tie-back liner in a wellbare win now be described. As 
illustrated in Fig. 10a, a weDbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 
5 The first raging 1004 preferably includes a tubular liner 1008 and a cemen t 

annubislOlO. The second casing 1006 preferably includes a tabular liner 1012 
and a cement annuhis 1014. In a preferred embodiment, the second casing 1006 
is farmed by expanding a tubular member substantially as described above with 
reference to Figs. l-9c or below with reference to Figa. lla-llf 

10 In a particularly prefer red embodiment, an upper portion of the tubular 
liner 1012 overlaps with a lower pcrti^ In a particularly 

pref erred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fluidic seal 
between the tubular liners 1008 and 1012. 

15 Referring to Fig. 10b, in order to create a tie-back liner that extends from 

the overlap between the first and second casings, 1004 and 1006, an apparatus 
1100 is preferably provided that includes an expandable mandrel or pig 1105, a 
tubular member 1110, a shoe 1115, one or more cup seals 1120, a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140, seals 1146, and a 

20 support member 1160. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable mandrels 

25 mcdifi^macamlance with the tea^ Inapreferred 
embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UJS. Pat. No. 5,348,095, the disclosure of which is 
incorporated herein by reference, 
present disclosure. 

30 The tubular member 1 1 10 is coupled to and supported by the expandable 

mandrel 1105. The tubular member 1105 is expan 

extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for f^"npfe y Oilfield Country 
Tubular Goods, 13 (Aronrinm tnhing or plastic piping. In apreferred embodiment, 
the tubular member 1110 is fnhriratari from Oilfield Country ThHnl«r 

The inner and outer diameters of the tubular inember 1110 may raige, for 
6 example, from approximatefyO.TC 
In a preferred embodiment, the inner and outer diameter* of the tubular member 
1110 range from about 3 to 15.5 inches aiKl3^to 16 inchea,respectivefymor^ 
to optimally provide coverage for typical oilfield casing sizea The tubular member 
1110 preferably comprises a solid member. 
10 In apreferred embodiment, the upper end portkm of the tubular inember 
1110 is dotted, perforated, or otherwise modified to catch or slow down the 
mandrel 1105 when it completes the extrusion of tubular member 1110. In a 
preferred embodiment, the length of the tubular inember 1110 is limited to 
minimize the possibility of buckling. For typical tubular member 1110 materials, 
15 the length of the tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 1115inchides the fluid passage 11S5. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 
20 eximiple, Super SealH float sh^ 

with a sealing sleeve far a latch down ping modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
phig with side porta radiating off of the exit flow port available from Halliburton 
25 Energy Services in Dallas, TX, modified in accented 

present disclosure, in order to optimally guide the tubular member 1100 to the 
overlapbetween the tubular member 1100 and the casing 1012, optlmaltyfkud^ 
isolate the interior of the tubular member 1100 after the latch dtwn plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 
30 expansion and cementing ope rations 

In a preferred embodiment, the shoe 1115 indudes one or more side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. la this manner , 
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the shoe 1115 injects hardenable flnidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1H0 each having an inlet geometry that 
can receive a dart and/or a baD sealing member. In this manner, the fluid passages 
5 1140 can be sealed qffby introducing a plug, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1160. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1 1 10 adjacent to the expandable mandrel 1 105. The cup seal 

10 1120 may comprise any number of conventional commercially available cup aeala 
such as, f o r ^rmnplw, TP cupe o r Selective Injection Packer (SIP) cups modified in 
accordance with, the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 

15 contain a body of lubricant. 

The fluid passage 1130 permits fhiidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1180 

20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxtes at flow rates and 
pressures ranging from about 0 to 3 ,000 gallons/minute and 0to9,000psiin order 

25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluid passage 11& permits fluidicmatm'ato^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1140 permits flnidic materials to be transported to and 

30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sectional shape that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block farther passage of fluidie in this 

manner, the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tabular 
member 1105, Tto permits tte interior region of the tabular member 1110 below 
the expandable mandrel 1105 to be pressurized. 

The fluid passages U40 are preferab^ positioned along the periphery of the 
shoe 1116. The fluid passages 1140 are preferably selected to convey 
10 audi as cement, drilling mod or epoxies at flow rotes and pressures ranging from 
about 0 to 3,000 gaDonafafamte and 0 to 9,000 psi in order to optimally fill the 
annnlar region between the tubular member 1110 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 
15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing dements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1100 includes a plurality of fluid passage 1140. 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a plug, 
20 or other similar device, to permit the interior region ofthe tubular member 1110 
to be fluididy isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion ofthe 
tubular member 1110. The seals 1145 are farther positioned on an outer surface 
ofthe lower end portion ofthe tubular member 1110. The seals 1145 permit the 
25 overlapping joint between the upper end portion ofthe casing 1012 and the lower 
end portion ofthe tubular member 1110 to be fluidity sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber. Teflon or epaxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 
30 embodiment, the seals 1145 comprise seals mokledfhmiStratalo<±epa»yavailabte 
from Halliburton Energy Services in Dallas, TO in order to optimally provide a 
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hydraulic seal in the ovariappingjoint and optimally provide load carrying capacity 
to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a sufficient fractional tn support the expanded tubular member 1 110 from the 
5 tubular liner 1008. Inaprcferredembodiment,thefr^ 
seals 1145 ranges from about 1,000 to 1,000,000 Ibfin tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105. 
tubular member 1110, shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annular member having sufficient strength to carry the 
apparatus 1100 into the wellbore 1000. In a preferred embodiment, the support 
member 1150 further includes one or more conventional centratisers (not 
illustrated} to help stabilise the tubular member 1110. 

Tn a | u» f " r '«* * QTwJwlimmit a fpiflnttty pf lubricant 1 1 M is provided in the 

15 annular region above the expandable mandrel 1105 within the interior of the 
tubular member 1110. In this manner, the extrusion of the tubular member 1110 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as, 
fiw ^»™pfr J ^>TriplFte, fH1™™« hihrigniifat nr QimAT lfiOO Antiagjia (S1001 

20 In a preferred embodiment, fee lubricant 1 150 comprises Climax 1500 Antieeize 
(3100) available from GUmax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication for the extrusion process. 

In a prefer red embodiment, the support member 1 150 is thoroughly cleaned 
prior to assembly to the remaining portions of the apparatus 1100. In this 

25 manner, the mtroduction of foreign material into the apparatus 1100 is minimised . 
This rrntTT»i«Hi the possibility of foreign material dogging the various flow 
passages and valves of the apparatus 1 100 and to ensure that no foreign material 
interferes with the expansion mandrel 1105 chning the extrusion process. 

In a particularly preferred embodiment, the apparatus 1100 i nc l ud es a 

SO packer 1155 coupled to the bottom section of the shoe 1115 for fhiidkfy isolating 
the region of the wellbore 1000 below the apparatus 1100. In this manner, fiuidk 
materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise air/ number of conventional 
commercially available packers such as, for example, EZ Drill Packer, EZ SV 
Packer or a (billable cement retainer. In a preferred embodiment, the packer 
1155 comprises an EZ Drill Packer available from Halliburton Energy Services in 
5 Dallas, TX In an alternative embodiment^ a high gd strength pill may be set 
below the tie-backinplaceofthe packerll55. In another alternative embodiment, 
the packer 1155 may be omitted 

In a preferred embodiment, before or after positioning the apparatus 1100 
within the weHbore 1100, a couple of weflbore volumes are circulated in order to 
10 ensure that no foreign materials are located withm the wellborn 

dog up the various flow passages and valves of the apparatus 1100 and to ensure 
that no foreign material interferes with the operation of the t^r*****^ mandrel 
1105. 

As illustrated ifl* « himfan*iii»finfiHg aealingmaterial nffflfo then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1130 into the interior region of the tubular 
member 11 10 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 canses the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 may be pumped into the armnlar region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gftHnnfl/min f r^jHriivply In a preferred embodiment ^ iiw m^f^^i ii^fap^np^ 
into the annular region at pressures and flow rates specifically designed for the 
casing sices being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fhzid being pumped. The optimum flow rates 
and pressures flT » pw*fa™My calculated nfftng rrniYtrntwmsJ empirical methods. 

30 The bardenable fluidic sealing material 1160 may comprise any number of 

conventional commercially available bardenable Dnidtc sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 



hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper sopport for the tubnlar 
member 1 11 A while maintaining nptwmwn characteristics go aa to mfnimitft 
5 operational difficulties during the displacement of cement in the annnlnr region. 
The optimum blend of the blended cements are preferably determined using 
conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1 110, the 

10 annular region will be filled with material 1160. 

Aa illustrated in Fig. lOd, once t he a nnnlar region has been adequ at ely filled 
with material 1160, one or more plugs 1165, or other similar devices, preferably 
axe introduced into the fluid passages 1140 thereby fluididy isolating the m^ 
region of the tubular member 1110 from the anrmlar region external to the tubu^ 

15 member 1110. In a preferred embodiment, a non hardenable Qnidic material 1161 
is then pump ed into the interior region of the tubular member 1110 below the 
mandrel 1105 caaangthe interior region to pressurize. In a p a rticul a r ly preferred 
embodiment, the one or more phaga 1166, or otto 

into the fluid passage 1140 with the introduction of the non hardenable fluidic 
20 m aterial In this manner, the amount of hardenable fluidic material within the 
interior of the tubular member 1110 is minimized. 

As illustrated in Fig. lOe, once the interior region becomes sufficiently 
pressurised, the tabular member 1110 is extruded off of the e rr mndflhle mandrel 
1105. During the extrusion process, the ex p andable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
mtroducing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commercially available devices from plugging a fluid passage such as, for example, 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a pre fer r e d embodiment, the plage 1165 comprise low density robber 
balls. In an alternative embodiment, for a shoe 1105 having a common central 
inlet passage, the plugs 1165 comprise a single latch down dart 

After placement of the plage 1165 in the fluid passages 1140, the non 
6 hardennhtp fluidic material 1161 is preferably pumped into the interior region of 
the tabular member 1110 below the mandrel 1105 at pressures and flow rates 
ranging from approximately 500 to 9 f 000 psi and 40 to 3,000 gaUonatain. 
In a preferred embodiment, after placement of the phage 1165 in the fluid passages 
1140, the non hantenahle fluidic material 1161 is preferably pumped into the 
10 interior region of the tubular member 1110 below the mandrel 1105 at pressures 
and flow rates ranging from approximately 1200 to 8500 psi and 40 to 1250 
gallom/min in order to optinsjj^ provide extruaion of typical tubulare. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 
16 interior region of the tubular member 1110 below the mandrel 1 105 reaches, for 
e x amp le, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the tubular member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tabular member 1110 below the 
mandrel 1 105 reaches approximately 1200 to 8500 psL 
20 Daring the extrusion process, the 

out of the Pijwmde d portion of the tubular member 1110 at rates ran g in g , for 
example, from about O to 5 ft/sec Inapreferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ran 
26 provide pennit adFistaent of operation parameters, and optimally ensure that 
the extrusion process will be oompbtedbefbre the material 1160 cures. 

In a preferred embodiment, at least a portion 1180 of the tubular member 
1110 has an internal diameter less than the outside diameter of the mandrel 1105, 
In this manner, when the mandrel 1105 expands the section 1180 of the tabular 
30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wenbore casing 1012. In a particularly preferred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section U60 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubular memb er 1110 and the 
casing 1012 ranges from about 500 to 10,000 pti in order to optimally provide 
pressure to activate the sealing members 1145 and provide optimal r esistance to 
5 ensure that the joint will withstand typical extremes of ten rata and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
length of the tubular member 1110 has 

diameter of the mandrel 1105. In this manner, extrusion of the tubular member 
10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tubular member 1110 and the existing casing 1008. In a preferred 
embodiment, the contact pressure of the joint between the expanded tabular 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 psi 
in order to optimally provide pressure to activate the sealing members 1145 and 
15 provide optimal resistanre 
of ten sile and co mpr essive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the complete extrusion of the tubular 
member 1110 off of the expandable mandrel 1105 can be fninhnh»d In a 
preferred exnbodiment, the operating pressure of the fluidic material 1161 is 
reduced ma substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 

Alternatively, ox in combination, aabockabsorber is providodmthe support 
member 1150 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
30 m the tipper end portion of the tubular m 1110 in order to catch or at least 
decelerate the mandrel 1105. 
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Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weDbore 1000. In a preferred 
embodiment, either before or after the removal of the eip*TKtohle mandrel 1105, 
the integrity of the flnidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular *»t"T 1108 is tested 
using conventional methods. If the fhridic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is sa t is f a cto ry, then the unrated portion of the material 1160 within the 
e xp an de d tubular member 111 Pis then removed in a conventional manner. The 
10 material 1160 within the annular region b etween the tubular member 1110 and 
the tubular Kner 1008 is then allowed to cure. 

As illustrated in Kg. IQf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional mftTinprnRmgii ^rm^*^*^ The resulting tie-back Uner 

15 of casing 1170 includes the expended tabular member 1110 and an outer annular 
layer 1175 of cured material 1160. 

As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1156 using ^wntmnQi drilling 
20 In a particularly preferred embodiment, the apparatus 1100 incorporates 
the apparatus 900. 

Referring now to Pigs, lla-llf, an embodiment of an apparatus and method 
for hangings tubular liner offof an existing wellboracaafaigwiU now be described 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 
25 formation 1205. The weDbore 1200 includesanexistingcaaedsectionmo having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 is used in a well known to drill out material from the 

subterranean formation 1205 to form a new section 1280. 
30 As illustrated in Fig. lib, an apparatus 1300 forfbnnmga wellbraca^ 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus lflflfl prwftwhfr includes m mandre l or 
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pig 1305, a tubular member 1310, a shoe 1315, a fluid passage 1320, a fluid passage 
1330, a fluid passage 1335, seals 1340, a support member 1345, and a wiper phig 
1350. 

The erpandahlp mandrel 1305 is coupled to and supported by the support 
5 member 1345. The expandable mandrel 1305 is preferably adapted tocontrollably 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
n umber of conventional c ommer cially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in UJS. Pat No. 5,348,095, the disclosure of which is 
incorporated herein by reference 
present disclosure. 

The tubular member 1310 is coupled to and s up por te d by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 direction and extruded off of the expandable mandrel 1305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCT®, 13 chromium steel tubing/casing or plastic 
casing . In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular mernber 1310 may r^nge, for 

20 example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. 
In a preferred embodiment, the inner and outer diameters of the tubular member 
1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 
to fTptirna1ryrrr^*>nn^^"« > ^ telescopingeffect in the most commonly encountered 
weUbore sizes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a lower portion 1865. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 W inches and 3 Vi to 
16 inches, respectively. In a preferred embodiment, the wall t h i ckne s s and outer 

30 diameter of the intermediate portion 1360 of the tubular member 1310 range from 
about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tabular member 1310 range from about 3/8 to 1 .5 inches and 3.5 to 16 inches, 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section i860 of the tabular member 1310 is less than or equal to the 
5 wall thickness of the upper and tower aectiona, 1855 and 1365, of the tubular 
member 1310 fa order to optimally fiacfliate the initiation of the extrusion process 
and optimally permit the placement of the apparatus in areas of the wdlbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1 855 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or stow down the mandrel 
1305 when it completes the extroirimi of tubular member 1310* In a preferred 
embodiment, the length of the tubular member 1310 is limited to ™trmni»i the 
possibility of buckling. For typical tubular member 1310 materials, the length of 
15 the tubular member 1310 is prefe^ 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal U float shoe, Super Seal H Down-Jet float shoe or guide shoe with a 
sealing sleeve far a latch-down ping modified m accordance with ti™ t^hi^ *r 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve far a latch-down plug available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of the present disclosure, in ordertooptimallygnidethetubtilarmember 
1310 into the weDbore 1200, optimally ftuidicfy isolate the interior of the tubular 
member 1310, and optimally permit the *™TTk»to drill out of the shoe 1315 upon 
the completion of the extrusion and cemen ting operations. 

In a preferred embodiment, the shoe 13 15 further includes one or more side 

30 outlet porta in fluidir oomHnuriraKnn with tl» fluid pa«*g» 1330. fa this manner, 
the shoe 1315 Preferably iniecta hardfmnhlft flmdfr ^poling^ m^ n ] ' mfn ^ regfop 
outside the shoe 1315 and tubular member 1310, In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a flaidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fluidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 
10 expandable mandrel 1305. The fluid passage 13JK) is preferably positioned along 
a centeriine of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drilling mud, or epoxies at flow rates and 
pressures ranging from aboutO to 3,000 gallonstoinute and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 
16 operationally «fftg?«nt rates, 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the interior region 1370 of the tubular member 1310 below 
20 the expandable mandrel 1805. The fluid passage 1330 preferably has a cros* 
sectional shape that permits a plug, or other similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this manner, 
the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluididy isolated from the region exterior to the tubular 
26 member 1310. This permits the interior region 1 370 of the tubular member 1310 
below the expandable mandrel 1805 to be pressurised The fluid passage 1330 is 
preferably positioned substantially along the centeriine of the apparatus 1300. 

The fluid passage 1330 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rales and pressures ranging from about 0 
30 to 3,000 gallonaAnmute and 0 to 9,000 psi in order to optimally fill the annular 
regionbetweenthe tubular member 1310 andtt»newsec^nl230ofthewenbore 
1200 with fluidic materials. In a preferred embodiment, the fluid passage 1330 
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in c lu d es an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed ofll>y introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fluidic 
communication with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the eenteriine of the apparatus 1300. The fluid 
passage 1335 is preferably se le cted to convey materials such as cement, drilling 

10 mud or epoxide at flow rates and pressures ranging from about 0 to 3,000 
gaDonafaimtte and 0 to 9,000 psi in order to optimally fill the annular region 
between the tubular member 1310 and the new section 1230 of the weDbore 1200 
with fluidic materials 

The seals 1340 are coupled to and s up ported by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 12 15 and 
the upper portion 1355 of the tubular member 1310 to be fluidicfr sealed. The 
seals 1340 may comprise any number of «nnwnLirm*i commer ciaUy nvttilnble grate 

20 such as, for example, lead, rubber, Teflon, or epoxy seals modified in accordance 
with the teachings of the present diadoanre. In a preferred embodiment, the seals 
1340 comprise seals molded from Stratalock epotxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal in the 
annuhis of the overlapping joint while also creating optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

In a pr e f erred embodimen t, the seals 1340 in selected to optimally provide 
asuffidentfrictionalfbnxto 

existing casing 1215. In a preferred embodiment, the frictkmal force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 
30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an rT" rm1 » ir member having snfftrient strength to cany the 
apparatus 1300 into the new section 1230 of the wellbore 1200. In a preferred 
embodiment, the support member 1346 farther includes one or more conventional 
cent raiaera (not illustrated) to help stabilize the tubular member 1310. 

5 in aprtf erred embed 

prior to assembly to the remaining portions of the apparatus 1300. In this 
manner , t h ft mtrodurtipn nf fm oign materi al ****** the a pparatus 1300 ia mia imimi. 
This m inimizes the possibility of foreign material clogging the various flow 
passages and \ralves of the apparatus 1300 and to ensure tlmt no foreign material 

10 interferes with the expansion process. 

The wiper plug 1360 is coupled to the mandrel 1305 within the interior 
region 1370 of the tubular member 1310. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper prag 1350 may 
comprise one or more conventional commercially available wiper phigB such as, for 

15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the t eachin g s of the 
present disclosure. In a preferred exnbodiment, the wirier phig 1350 comprises a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
Services in Dallas, TX modified in a conventional manner for releasable 

20 attachment to the expansion mandrel 1305. 

In a prrfcrml embodiment, before or **** positioning the apparatus 1300 
within the new section 1230 of the wdlboxe 1200, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 1200 that might dog up the various flow passages and valves of the 

25 apparatus 1300 and to ensure that no foreign material interferes with the 
extrusion process. 

As illustrated in Kg. lie, a hardenable flnidic sealing material 1380 is thai 
pumped from a surmce location into the fluid passage 1320. The material 1380 
then passes from the fluid passage 1320, tmnni^ the Ihdd passage 1375, and into 
30 the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305. The material 1380 then passes from the mteriorre^n 1870 into 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 via the 
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fluid passage 1335 and fills the annular region 1390 between the exterior of the 
tabular member 1310 and the nu^criorwan of the new section 
1200. Continued pumping erf the material 1380 causes tlie material 1330 to ffll up 
at least a portion of the annular region 1390. 
5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallqna/min, respectively. In a preferred embodiment, the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 psi and 0 to 1,600 gallcmafain, respectively, in order to optimally 
10 fill the annular region between the tabular member 1310 and then 
of the weMbcre 1200 with the hardenahle fluidic aealfng material 1380. 

The hanfonahle fluidic sealing material 1380 may comprise any number of 
conventional commercial 

for example, slag mix, cement or epaxy In a preferred embodiment, the 
15 hardenahle fluidic sealing material 1380 comprises blended cements designed 
specifically for the weU section being drilled and avau^te torn Halliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the is preferably determined using conventional jrnipjn fp ) methods 

20 The annular region 1390 preferably is filled with the material 1380 in 
rafEciant q nsntitiftft tn enram ihm^ npntn i*A*n\ trrpmnmnn nf fch» *nhtil«i r ttipttiIw 

mo, the annular region 1390 ofthe new section 

filled with material 1380. 

As illustrated in Kg. 1 Id, once the annular region 1390 has been adequately 
25 filled with material 1360, a wiper dart 1395, or other similar device, is introduced 

into the fluid passage 1320. Hie wiper dart 1395 is preferabry pumped througjithe 

flnid passage 1320 hy a nan hardenabk fl uidic materi al 1 381 The wiper dart 1395 

then preferably engages the wiper plug I860. 

As illustrated in fig. He, in a preferred embodiment, engagement of the 
30 wiper dart 1395 with the wiper phig 1350 causes the wiper phig 1350 to decouple 

from the mandrel 1305. Tfcewiperdart 1395 and wiperphig 1350 then preferabry 

will lodge in the fluid passage 1330, thereby blocking fluid flow through the fluid 



-59- 



passage 1330, and fluididy isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hardenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurize. Once the interior region 1370 
6 becomes sufficiently pressurised, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. During the extrusi^ 

1305 is raised out of the expanded portion of the tubular member 1310 by the 
support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper d^ 

in a conventional manner. The wiper dart 1395 may comprise any number of 
conventional commercially araflabte devices frtmpta 

for example, Multiple Stage Cementer latch-down plugs, Omega latchniownplugB 
or three wiper latch-down plug/dart modified in accordance with 

15 tlie present disdosure. In a preferred embodiment, the wiper dart 1395 comprises 
a three wiper latch-down plug modified to latch and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 

20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 psi and 0 to 1,600 galtons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 1310 is minimised 

In a prrfmri ^ww^t, Wnrfcm^ the fluid passage 1330. the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flow rates rangi^ 

40 to 3,000 gallons/min in order to optimally provide operating pressures to 
30 maiTitaiTi the expansion process at rates sufficient to permit adjustments to be 
made in operating parameters during the extrusion process. 
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For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 500 to 9,000 psL In a 
pre fer r ed embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diameter, wall 
th ickngfis of the tubular member, geometry of the mandrel, the type of lubricant, 
the composition of the shoe and tabular member, and the yield strength erf the 
tubular member. Hie optimum flow rate and operating pressures are preferably 
determined usmg copventio nal empirical flttcthoda 

10 During the extrusion process, the expandable mandrel 1305 may be raised 
out of the expanded portion of the tubular member 13 10 at rates ranging, for 
example! from about 0 to 5 ft/sec In a prafar red embodiment, mirmgthftfitrasion 
process, the expandable mandrel 1305 may be raised out ofthe expanded portion 
of the tubular member 1310 at rates ranging from about 0 to 2 ft/sec in order to 

16 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extr usio n process 
before curing of the material 1380. 

Whan the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1806, the outer surface of the upper end portion 

20 1355 of the tabular memba 

lower end portion ofthe casing 1215 to form an fluid tight owlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 Optimally provide eontaetp«»««ir»> mtm^r^fr^^r^Tt^l^^lmpttT^ provide 

enough resistanc e to withstand typical tanaBe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequ ate fluidk and gaseous seal in the ove rl appi ng joint 

In a preferred embodiment, the opmntingpressure and flow rate ofthe non 
30 hanienabtefhiirfic material 138^ the expandable 

mandrel 1305 reaches the upper end portton 1355 of the tubular mem 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 13 10 off of the expandable mandrel 1305 can be minimized. 
In a preferred embodiment, the operating pressure is reduced in a substantially 
linear fashion from 100% to about 10% during the end of the extrusion process 
beginning wben the mandrel 1305 has compLeted approximately all but about 5 
5 feet of the extrusion process. 

Alternatrvefr,orin(»n^ 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the upper end portion 1855 of the tubular member 1310 mender to catA 
least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. In a preferred embodmient,tt 
the removal of the expandable mandrel 1305, the integrity of the fhiidic seal of the 
15 c>verlappingjoint between the up 

the lower portion of the casing 1215 is tested using conventional methods. If the 
fluid* seal of the overlapping joint between the upper portion 1355 of the tubular 
member 1310 and the lower portion of ti^ 

uncured portion of the material 1380 within the expanded tubular member 1310 
20 isthenremovedinaconvention^ The xnaterial 13c« within 

region 1390 is then allowed to cure. 

As Qhistrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expaioded tubular member 1310 and an 

layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
cominiamg the shoe 1315 may thra 
conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 
30 foimaiion has been described tha^ 

in the borehole. Abody of fluidic material is then h^ected into the borehole. Hie 
tubular liner is then radially expanded by extruding the lhw off ^ 



The injecting preferably includes injecting a hardenable flnidic sealing material 
into an annnlar region located between the borehole and the exterior of the 
tubular liner; and a non hardenahle fktidic material into an interior region of the 
tabular liner below the mandrel The method preferably includes fluidity 
5 isolating the anmilnr region from the interior region before injecting the second 
quantity of the non hardenahle sealing material into the interior region. The 
injecting the hardenahle flnidic sealing material is preferably provided at 
operating pressures and flow rates ranging fttim aboxitO to 6000 pa and 0 to 1^00 
gaDonatoin. The injecting <rf the non hardenable 
10 provided at operatic pressures and ftow rates rai^ 

and 40 to 3,000 gallon Vmfn Ihefarjedingof the non hardenable flnidic material 
iaprefeably provided at reduced 

portion of the extruding. The non hardenable flxridic material is preferably 
farjected below the mandrel The method preferBbr/incittdeapresBnrigm g a region 

16 ofthe tubular Ener below the mandreL The region of the tubular liner below the 
mandrel is preferably pressurized to pressures ranging firam about 500 to 9.000 psL 
The method preferably includes flnidictar isolating an interior region ofthe tubular 
liner from an exterior region of the tubular Knar. The method farther preferably 
includes curing the hardfinBhle sealing material, and removing at least a portion 

20 of the cured WffltrngTnfltttrial located within the tubular liner. The method further 
pref arabry includes overlapping the tubular Hner withal 

The method ftirther preferably inchides sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
supporting the extruded tubular liner using the overlap with the existing wellbore 
25 casing. The method ftirther pref erab^ 

the overlap between the tabular Knar and the existing wellbore casing. The 
method ftirther prefenAty 

ftii dir niHilmgmaterial within the tubular liner before curing. The method further 
pref eraMy includ es lubricating the surface of the mandreL The method further 
30 preferably includes absorbing shock. The method farther preferably includes 
catching the mandrel upon the completion cf the extruding 
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An apparatus for creating a casing in a borehole located in a subterranean 
formation has been described that includes a support member, a mandrel, a 
tubular member, and a shoe. The support member includes a first fluid passage. 
The mandrel is coupled to the support member and indudesasecond fluid passage. 
6 The tabular member is coupled to the mandreL The shoe is coupled to to 

liner and includes a third fluidpassage. The nrst,S8cx)nd and third fluid passages 
are opersbly coupled. The support member preferably further includes a pressure 
relief passage, and a flow control valve coupled to the first fluid passage and the 
pressure relief passage. The support member further preferably includes a shock 
10 absorber. The support member preferably indud^ 

adapted to prevent foreign rnaterialfirom entering an hitorlOT 
member. The mandrel is preferably expendable. The tubular member is 
preferably fabricated from materials selected from the group consisting of Oilfield 
Country Tubular Goods., 13 chromium steel tubingfcasing, and plastic casing. The 
IS tubular member preferably has inner and outer diameters r anging from about 3 
to 15.5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psL The tubular 
member preferably includes one or more sealing members at an end portion The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubular member preferably includes a catching member at an end 
portion for slowing dovm the mandrel The shoe preferably includes an inlet port 
coupled to the third fluid passage, the inlet port adapted to receive a prog for 
blocking the inlet port The shoe preferably is (billable. 

A method of joining a second tubular member to a first tubular member, the 
25 first tubular member having an inner diameter greater than an outer diameter of 
the second tubular member, has been described that in c lu des positioning a 
mandrel within an interior region of the second tubular member, positioning the 
first and second tabular members in an overlapping r el a t i on sh ip , pressurizing a 
portion of the interior region of the second tubular member, and extruding the 
30 Becond tubular member off of the mandrel hito engagement with the firrt 

member. The pressurizing of the portion of the mterfor re^ ctf the aecond 
tubular member is preferably provided at operating pressures r anging from about 
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600 to 9,000 psL The pressurizing of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the ertmrimg. The method ftutherpre«exabty includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes fabricating the surface of the mandrel The method further preferably 
includes absorbing shock, 

Ahner for use in creatingane^aectto 
10 formation adjacent to an already existing section of weUbore casing has been 
tjfffifribfftt thnt incfadas an annular member Itoazmnlax member includes one or 
more sealing members at an end portion of the annular number, and one or more 
pressure relief passages at an end portion ofthe annular member. 

A weUbore casing has been described that includes a tubular liner and an 
16 annular body of a cured fluldic sealing nuitprial The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner iff 
preferably formed by the process of placing the tubular liner and mandrel within 
the weUbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured flnidk sealing material is preferably formed by the 
20 process of injecting a body of hardena^^ 

region external of the tubular liner. Daring th» p ream j ag g; **** *ntariflr portion 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9 f 000 psL The tubular liner preferably 
25 overlaps with an existing weUbore casing. TheweDbore casing preferabfy further 
includeaaseal positioned in the over^ 

weUbore casing. Tubular liner is preferably supported the overlap with the 
existing weUbore casing. 

A method of repairing an existing section of a weUbore casing within a 
SO borehole has been deflrribftd th«t ftyMim milling n tubular Imcrnnd a mnndrd 
within the weUbore casing; greeting a bocfe «f * fh*Min materi al into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the liner off of the mandreL In 

a preferred embodiment, the fluidicxnaterial is selected from 
of dag v n ^ r . cement , d rilling mud, and epoxy. In a preferred embodiment, the 
method farther includes fluididy isolating an interior region of the tabular liner 
5 from an exterior region of the tubular Finer. In a preferred em b od iment , the 
injecting of tte bfttfr ffflnH^ prnvtdcrf Rt operatinff pressures and flow 

rates ranging from about 500 to 9,000 pai and 40 to 3,000 galbna/mm. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
rafarcfl operatingpresaures **** flow rates during an end portion of the extruding. 
10 In a preferred embodhnant, tie fh^ 

a preferred embodiment, a region of the tubular liner below the mandrel is 
pressurised. In a pirfmrit embodiment, the region «f tl^ tnimlarlinaBr below the 
mandrel is pressurired to pressures ranging from about 500 to 9,000 psL In a 
preferred fmEw H*"""* the method farther includes overlapping the tubular liner 
15 with the existing wellbore casing. In a preferred embodiment, the im 

includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method farther includes testis 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred -"^^ method farther includes lubricating the surface of the 
mandreL In a preferred embodiment, the method further includes absorbing 
shock. In a preferred embodiment, the method farther includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method farther includes expanding the mandrel in a radial direction. 

A tie-back finer for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular body of a cured fluidk sealing 
material The tubular liner is form^ 
off of a mandreL Theaimiilarbody of aau^ 
30 to the tubular liner. In a preferred embodiment, the tubular 

process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner. In a preferred embodiment, 
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during the pressurizing, the interior portion of the tab^ 

from an exterior portion of the tubular liner. In a preferred embodimen t, the 
interior portion of the tabular lino 

500 to 9,000 psL In a preferred embodiment, the annular bodyofacuredfluidic 
5 sealing material is formed by the process of 

sealing material into an annular region between the existing wellborecasmg and 
the tubular Oner. In a preferred embodiment, the tubular liner overlaps with 
another existing weUbore casing. In a preferred embodiment, the tie-back imer 
further includes a seal positioned in the overlap b^ween the tubular liner and the 
10 other existing weDbare casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing weDbare casing. 

An apparatus far expanding a tubular member has been described that 
includes a support member, a mandrel, a tabular member, and a shoe. The 
support member include s a first fluid passage. Hie mandrel is coupled to the 
15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandreL 
The shoe is coupled to the tubular member. The shoe inc lu des a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 
20 exterior portion. The interior portion of the shoe is drillahle. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe indudes a tubular member, and a load 
bearing member. Preferably, the load bearing meinber comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, theexnanaion cora 

consisting of tool steel, titanium and ceramic Preferably, the expansion cone has 
a surfece h ardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillahle. 

Although illustrative embodiments of the invention have been ahovm and 
d e sc ri bed, a wide range of mo d ifi ca tion , changes and substitution ia contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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invention may be employed without a corresponding use of the other features. 
Accordingly, it is appropriate that the appended claims be construed broadly and 
in a manner consistent with the scope of the invention. 



Claims 



11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tabular liner and a mandrel in the borehole; 

4 injecting flnidic material into the borehole; 

5 pressurizing a portion of an interior region of the tabular liner; and 

6 radially expending at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

12. A method of creating a casing in a borehole located in a section of a 
2 subterranean formation, the borehole having an already existing casing, 
S comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 

5 casing; 

6 placing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 injecting a hardenable fluidic sealing material into an annular region 

10 between the tubular Knar and the new section of the bordbole; 

11 ihndicry isolating tta^ 

12 section of the borehole from an interior region of the tabular liner 

13 below the mandrel; 

14 injecting a non hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extruding the tubular liner off of the «»p»TiripKU> mand rel; 

17 sealing the overlap between the tabular liner and the already ex istin g 

18 «»qqrpfr» 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity of the seal ^ 

23 the already existing casing; 

24 removing at least a portion of the hardenab le fluidic sealing material from 

25 the interior of the tubular liner; 

26 curing the remaining portions of the fluidic hardenable fluidic sealing 

27 material; and 

28 removing at least a portion of the cured Quidic hardenable sealing material 

29 within the tubular liner. 

1 3. An apparatus for expanding a tubular member, comprirang. 

2 a support member, the support member inrhiriing a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel inducting : 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe mchidmg a third fhrid passage; 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An App aratus for e* pp w< *i n g a tubular mmnhar t comprising: 

2 a support member, the support member in cl udi ng : 

3 a fust fluid passage; 

4 a second fluid passage; and 

5 a flow control var^ coupled to th^ 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member including 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe me hiding : 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fluid passage for 

15 byectmgfliudfcina 
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16 at least one sealing member coupled to the support member, the seating 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A methcd of joining a second tuk the 

2 first tubular member having an inner cSameter greater than 

3 the s eco n d tubular member , comprising: 

4 pari tinning a mandrel within an interior region of the second tubular 

5 member; 

6 pxessurixmg a portion 

7 and 

8 extruding the second tubular member off <rf the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular member, the annular member including 

S one or more sealing members at an end portion of the a™™!** 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 
8 member* 

17* A weHbore *** < " T *c r comp rising ; 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tabular Knar off of a mandrel; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 

1 8. A tie-back liner for fining an existing weHbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion ef the faiH ^ifw* Hnw pffofa Tn j>ti dr el * and 

4 an annular booV of a cured fluidic sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member incl udin g a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operabry coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 
B an cqpandMe tubular member coupled to the mandrel; and 

9 a ihoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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